Background-Nodules of cells showing a striking histological similarity to those of arachnoid villi have previously been found closely adjacent to pulmonary venules in several diseases associated with alveolar hypoxia or pulmonary oedema including mitral stenosis, plexogenic pulmonary arteriopathy, pulmonary thromboembolism, and chronic obstructive pulmonary disease. Methods-Histological sections of the lungs of seven adult native highlanders from La Paz (3600 m) were examined. Results-Arachnoid nodules were found in the lungs of one Aymara and one Mestizo Indian. Conclusions-These bodies may have a simila function to that of arachnoid granulations which transfer excess cerebrospinal fluid to the dural venous sinuses. In the native highlanders it is possible that they contribute to the avoidance of excessive hydration of the interstitial tissue of the alveolar walls with return of fluid into the pulmonary venules, preventing incipient pulmonary
simila function to that of arachnoid granulations which transfer excess cerebrospinal fluid to the dural venous sinuses. In the native highlanders it is possible that they contribute to the avoidance of excessive hydration of the interstitial tissue of the alveolar walls with return of fluid into the pulmonary venules, preventing incipient pulmonary Departent A histological study was also made of the small pulmonary arteries and pulmonary arterioles for evidence of pulmonary vascular remodelling which is known to occur in native highlanders in response to the hypobaric hypoxia of high altitude.67 Particular attention was paid to the presence of muscularisation of pulmonary arterioles, intimal longitudinal muscle in the pulmonary arteries, and the development of inner muscular tubes in the lumens of the pulmonary arteries and arterioles.7
Results
Small cellular nodules, 140-150 pm in diameter, apparently arising from the interstitial tissues of alveolar walls and closely adjacent to pulmonary venules were found in cases 1 and 7. One or two nodules were found in most but not all blocks in these cases. They were round or oval and their outer surfaces were covered by pulmonary capillaries (fig 1) . Centrally situated in each nodule was a pulmonary venule containing erythrocytes. This was embedded in a mass of cells forming the nodule with large round or oval nuclei with punctate heterochromatin (figs 1 and 2). They have a striking resemblance to cells of the arachnoid villi and granulations protruding into the dural sinuses overlying the brain. The plentiful cytoplasm of these cells was palely eosinophilic and, in many instances, was distended by large vacuoles which clustered around the nuclei (figs 1 and 2). From the walls of some venules minute channels led back into the surrounding mass of arachnoid cells distended with vesicles (fig 2) . These channels were lined by cells with elongated nuclei showing a dense chromatin pattern and thus quite distinct from the nuclei of arachnoid cells. The nodules in case 1 were reminiscent of those described by Churg and Warnock. There was a central nodule of arachnoid cells with strands extending into the adjacent thickened alveolar walls. The surrounding alveolar spaces were increased in size. Our studies show that the presence of = 4
arachnoid nodules in the lungs of a highlander is not associated with pulmonary vascular remodelling related to chronic exposure to the hypobaric hypoxia of high altitude (table) . In case 1 the nodules occurred in an Aymara Indian who showed all three of the triad of changes previously described by US,6 7 namely muscularisation of pulmonary arterioles, intimal longitudinal muscle in the intima of small pulmonary arteries, and inner muscular tubes in the lumen of pulmonary arteries. In contrast, in case 7 the nodules occurred in a Mestizo Indian who had a normal pulmonary vasculature. These arachnoid nodules occur in the normal lung at low altitude but are not found very frequently. Personal experience in our laboratory is in keeping with reports in the literature that they are to be found in about 0-5% of lung sections taken for routine histological examination at necropsy.8 Dail9 suggested that, once one is aware of these lesions, they may be found in about one in 40 lung specimens derived from necropsies or surgical histopathology. This has not been our experience over the past 20 years, since we have been familiar with this entity, and we are not aware of any laboratory in the UK which reports such a high incidence. We found arachnoid nodules in two of seven native highlanders. Our investigation was carried out in only a small group of Indians but this is an inherent drawback to field work at high altitude. It is impossible to acquire both entire lungs for study in a large series of Aymara and Mestizo Indians to assess the incidence of such entities. Nevertheless, our field work has shown for the first time that arachnoid nodules are to be found, and should be sought, in the lungs of native highlanders.
Arachnoid nodules in normal lungs may have a minor physiological function but they seem to be prominent in certain diseases where this function may assume greater importance. They have been commonly reported in cases of chronic bronchitis and emphysema where it was thought that the chronic alveolar hypoxia might have led to a hyperplastic response of the supposed chemoreceptor tissue of these nodules. 3 However, the subsequent recognition of these nodules as arachnoid in nature raises the possibility that they are in some way a reaction to the sodium retention and oedema which characterises "blue bloaters." It is interesting that arachnoid nodules occur in the lung of native highlanders where there is also chronic alveolar hypoxia, although as the result of diminished barometric pressure rather than of pulmonary disease. Lung oedema is a common feature of mitral stenosis, another disease in which pulmonary arachnoid nodules are often found. We have reported them in a case of primary plexogenic arteriopathy.5 In this disease there are commonly exudative changes in the lung parenchyma'°with the accumulation of mast cells in the alveolar spaces.' 10" This association with incipient lung oedema leads us to speculate that the arachnoid-like cells forming the nodules adjacent to the pulmonary venules may have a function similar to that of the arachnoid villi and granulations in the meninges which absorb cerebrospinal fluid and return it to the dural venous sinuses. It is possible that fluid from the interstitial tissues of the alveolar walls is absorbed by arachnoid cells which show oedema of their cytoplasm (figs 1 and 2). The fluid may be passed on through channels between the arachnoid cells in the thickened alveolar walls to the central arachnoid nodule.
Here it appears to be passed through conduits lined by elongated, dark cells into the blood in the pulmonary venules (fig 2) . In the arachnoid nodules in the lung of the case of plexogenic pulmonary arteriopathy5 some of the venules draining the nodules were up to 80 ,um in diameter (fig 1 in ref 5 ).
This possible association between arachnoid nodules in the lung and pulmonary oedema led us to search for them in the lungs of native highlanders. In lowlanders ascending to high altitude sodium and water retention is an important physiological disturbance which is thought to underlie the development of acute mountain sickness and its serious and sometimes fatal complications of cerebral oedema and high altitude pulmonary oedema. Pulmonary oedema is a constant risk for native highlanders, especially if they take a brief descent to a lower altitude. Complex endocrinological factors occur to prevent excessive sodium retention and hydration and these are associated with histological changes-for example, a decrease of aldosterone secretion is associated with thinning of the zona glomerulosa of the adrenal gland. We have previously described sodium homeostasis and hydration in subjects at high altitude and have listed the many contributory factors to both the causation and prevention of lung oedema.'2 We believe that in native highlanders these arachnoid nodules may contribute to maintaining the hydration of the interstitial tissues of the alveolar walls within safe limits.
